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By regulating the pineal hormone, photoperiods affect many physiological characteristics in small 
mammals. Thus, melatonin might take part in the thermoregulation of seasonal variations in small 
mammals. This study determined the influence of melatonin treatment on thermogenic pattern, 
we measured body mass, thermogenic activities and hormone concentrations of  Eothenomys 
miletus were given exogenous melatonin (MLT) for 28 days. The results shown that body mass was 
reduced significantly, whereas resting metabolic rate (RMR) and nonshivering thermogenesis (NST) 
increased at 28 days in MLT group compared to control group as well as the oxidative capacities of 
mitochondria in liver and brown adipose tissue (BAT) were enhanced; the contents of total and 
mitochodrial protein increased markedly. Melatonin treatment significantly increased the State 3, 
State 4 respiration of liver mitochondria, and the activity of cytochrome C oxidase (COX) in liver; 
but   the   α-glerocephasphate   oxidase   (α-PGO)   capacity   showed   no   differences   during   the 
acclimation in liver. Furthermore, the State 4 respiration, the activities of COX and α-PGO in BAT 
increased,   respectively.   The   activity   of   thyroxin   5’-deiodinase   (T4  5’-DII)   in   BAT   increased 
remarkably. The serum content of thyroxine (T4) decreased, and that of tri-iodothyronine (T3) 
increased. Moreover, serum leptin levels showed no significant differences in MLT group compared 
to control group.  Together, these data indicate that melatonin enhances thermogenic capacity in 
E. miletus. Our results suggested that melatonin is potentially involved in the regulation of body 
mass, adaptive thermogenic capacity and hormone concentrations in E. miletus. 
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Melatonin, is a naturally occurring compound in 
animals.  In   animals,   circulating   levels   of   the 
hormone melatonin vary in a daily cycle, thereby 
allowing the entrainment of the circadian rhythms 
of several biological functions, such as antioxidant 
defense   in   unicellular   organisms,   regulation   of 
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seasonal reproduction in photoperiodic mammals, 
and free radical scavenging and anti-inflammatory 
activities   (Berlinguer  et   al.,   2009).   Effects   of 
exogenous melatonin on thermogenesis plays a role 
in   the   regulation   of   circadian   rhythm   and 
metabolism of mammals, which provide valuable 
information   for   understanding   the   functions   of 
melatonin   (Molik  et   al.,   2010).   The   effects   of 
exogenous  melatonin   have   been   investigated   in 
several mammalian species, including body mass of 
the melatonin groups were lower than those of the 
control groups in Phodopus sungorus (Korhonen et 
al., 2008); melatonin-treated minks had significantly 
higher   leptin   levels  than   the   controls,   and   the 
melatonin-treated groups had significantly higher 
thyroxine levels than the controls (Mustonen et al., 
2000); exogenous administration of melatonin to 
intact rats resulted in significant decreases in serum 
leptin levels compared to those of the intact control 
group (Canpolat  et al., 2001); it indicateed  that 
melatonin   does   not   affect   leptin   secretion   via 
mouse adipose tissue (Song and Chen, 2009); and 
some other animals, e.g. red deer (Asher  et al., 
2011), and rats (Bharti et al., 2012). 
Change in duration of melatonin secretion thus 
serves as a biological signal for the organization of 
day length-dependent seasonal functions such as 
reproduction and behaviors in seasonal animals 
(Arendt and Skene, 2005),  effect of melatonin on 
thermogenic   characteristics   changes   with   the 
season in a manner similar to that shown by the 
action   of   short   photoperiod   (Steinlechner  and 
Heldmaier,   1982).   In   particular,   thermogenesis 
characteristics of BAT are likely also regulated by 
melatonin. When injection of exogenous melatonin 
in small rodents, they appeared morphological and 
physiological characteristics under winter or short 
photoperiod,   and   NST   increased   significantly 
(Andrews  and  Belknap,   1993).  As   the   terminal 
enzyme   in   oxidative   phosphorylation   in 
mitochondria, cytochrome c oxidase (COX, complex 
IV) is involved in mitochondrial energy metabolism 
(Kadenbach et al., 2000).  Triiodothyronine (T3), is a 
thyroid   hormone,   which   affects   almost   every 
physiological   process   in   mammals,   T3  and   its 
prohormone thyroxine (T4) is activated by thyroid-
stimulating hormone (TSH), which is released from 
the pituitary gland (Klein, 2006).  It has also been 
demonstrated T3, T4 affect adaptive thermogenesis 
by influencing several aspects of energy metabolism 
(Krotkiewski, 2002). 
Leptin, is a 16 kDa protein hormone that plays a 
key role in regulating energy intake and energy 
expenditure,   including   appetite   and   metabolism 
(Zhang  et   al.,   1994),   it   acts   with   the   OB-Rb 
receptors in the hypothalamic arcuate nucleus in 
the   regulation   of   food   intake   and   body   mass 
(Friedman and Halaas, 1998). Leptin has been found 
to  affect  food  intake,  the  neuroendocrine  axis, 
metabolism   and   immunological   processes 
(Hausman  and  Barb, 2010). Further, the positive 
correlation between serum leptin levels and body 
fat mass has been found in many small mammals 
including Dicrostonyx groenlandicus (Johnson et al. 
2004),  P. sungorus (Klingenspor et al., 2000), and 
cold acclimated  Meriones unguiculatus  (Li  et al., 
2004),  Eothenomys   miletus  (Zhu  et   al.,   2010a), 
Apodemus chevrieri
 (Zhu et al., 2011a). 
Yunnan red-backed vole,  Eothenomys miletus 
(Mammalia:   Rodentia:  Microtus),  is   a   inherent 
specie of Hengduan Mountains region (Zheng, 1993; 
Zhu et al., 2011b).  The Hengduan Mountains region 
is located the boundary between the Palaearctic 
region and the  Oriental region.   Environmental 
factors, such as short photoperiods and cold, are 
effective   cues   that   influence   body   mass   and 
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thermogenesis, separately (Zhu et al., 2008; 2010a; 
2010b; 2011b; 2012). However, we know nothing 
about   the   action   of   exogenous  melatonin  with 
changes   in   the   regulation   of   body   mass, 
thermogenesis and hormone concentrations in  E. 
miletus.  The   aim  of  the  present   study was  to 
elucidate the role of endogenous melatonin in the 
regulation of different adaptations using the  E. 
miletus  as   a   model.   In   the   present   study,   by 
systematically measuring a variety of physiological 
and hormonal markers indicative of thermogenic 
capacity, we tested the hypothesis that endogenous 
melatonin enhances thermogenesis of  E. miletus. 
We predicted that  E. miletus  change their body 
mass and hormone concentrations by injection of 
exogenous  melatonin.  Further,   melatonin   is 
potentially involved in the regulation of body mass, 
adaptive   thermogenic   capacity   and   hormone 
concentrations in E. miletus.
MATERIALS AND METHODS
Samples
E.   miletus  were   obtained   from   a   captive 
population   started   from   approximately   150 
captured   in   farmland   (26°15´~26°45´N;   99°40
´~99°55´E; altitude 2,590 m) in Jianchuan County, 
Yunnan province, 2010. Average temperature is 
9.1
oC each year, minimum average temperature 
was   -4.0
oC   in   January,   maximal   average 
temperature was 24.1
oC in July.  E. miletus  were 
breed for two generations (120–150 days of age) in 
School of life Science of Yunnan Normal University, 
park   in   plastic   box   (260mm×160mm×150mm), 
housed individually without any bedding material. 
The   voles   were   allowed   to   acclimate   to   these 
conditions for 4 weeks. All pregnant, lactating or 
young individuals were excluded.
Following the acclimation period, animals were 
weighed and assigned to three groups that were 
matched for body mass (n=10 in each group; male 
18; female 12). All three groups were maintained at 
the   room   temperature   of   25±1°C,   under   a 
photoperiod of 12L:12D (with lights on at 08:00). 
MLT groups: intraperitoneal injection of MLT before 
the 2-3 hours of the dark period. Melatonin (Sigma, 
St. Louis, MO, USA) was dissolved in 0.02% ethanol 
to prepare a final stock solution of 80 mg/mL. It was 
then stored in darkness at -80
oC until use. The stock 
solution was diluted every 2 days by adding water 
until   reaching   the   appropriate   concentration 
(20μg/kg   BM/day).   PBS   group:     intraperitoneal 
injection of an equal volume of phosphate-buffered 
saline (PBS)  at  the same time  of  MLT  groups. 
Control group just in this condition for 28 days. At 
the end, the voles were sacrificed between 09:00 
and 11:00 by puncture of the posterior vena cava in 
28 days. Mass of liver and BAT were weighted. 
Blood was centrifuged at 4000 rpm for 30 min, and 
serum was sampled and stored at −20°C for later 
measurement. 
Measurement of metabolic rates
Metabolic rates were measured by using AD 
ML870   open   respirometer   (AD   Instruments, 
Australia) at 25
oC within the TNZ (thermal neutral 
zone: 22.5~30
  oC) (Zhu  et al. 2008), gas analysis 
were using ML206 gas analysis instrument, the 
temperature was controlled by SPX-300 artificial 
climatic engine (±0.5
oC), the metabolic chamber 
volume is 500ml, flow is 200ml/min. The voles were 
stabilized in the metabolic chamber for at least 60 
min   prior   to   the   resting  metabolic  rate   (RMR) 
measurement, oxygen consumption was recorded 
for more than 120 min at 1 min intervals. Ten stable 
consecutive lowest readings were taken to calculate 
RMR   (Zhu  et   al.,   2010a).   All   metabolic 
measurements were performed more than 400h. 
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The method used for calculating the metabolic rate 
is detailed in Hill (1972).
Nonshivering thermogenesis (NST) was induced 
by subcutaneous injection of norepinephrine (NE) 
(Shanghai   Harvest   Pharmaceutical   Co.   Ltd)   and 
measured   at   25
oC.   Two   consecutive   highest 
recordings of oxygen consumption more than 60 
min at each measurement were taken to calculate 
the NST (Zhu et al., 2010b). The doses of NE were 
approximately   0.8-1.0mg/kg   according   to   dose-
dependent response curves that were carried out 
before the experiment and the equation described 
by   Heldmaier   (1971):   norepinephrine   dosage 
(mg/kg)=6.6M
-0.458(g).
Measurement of enzyme activity 
The   protein   content   of   mitochondria   was 
measured by the Folin phenol method (Lowry et al., 
1951) with bovine serum albumin as standard. State 
3 and State 4 of mitochondrial respiration of liver 
and   BAT   were   measured   by   the   polarographic 
method using oxygen electrode units (Hansatech 
Instruments Ltd., Norfolk, England), essentially as 
described by Estabrook (1967). State 4 respiration 
was substrate dependent, and substrate and ADP 
supported state 3 respiration, succinate was used as 
the substrate in our experiments (Liu et al., 2006). 
Activities   of   cytochorme   C   oxidase   (COX)  were 
measured  by   the   polarographic   method   using 
oxygen electrode units (Hansatech Instruments Ltd., 
Norfolk,   England)   (Sundin  et   al.,   1987),   the   α-
glycerophosphate oxidase (α-PGO; EC 1.1.3.21) was 
determined polarographically according to Steffen 
and Roberts (1977). Thyroxine 5’-deiodinase activity 
(T4  5’-DII)   in   BAT   was   assayed   as   previously 
described (Leonard et al., 1983).
Measurement of hormone concentration
Total concentrations of triiodothyronine (T3) and 
thyroxine   (T4)   in   serum   were   determined   by 
radioimmunoassay (RIA) with the 125I Multi-species 
Kit  (GammaCoat, DiaSorin, Stillwater, MN) (China 
Institute   of   Atomic   Energy).   These   kits   were 
validated for all species tested by cross-activity. The 
intra- and inter-assay coefficients of variation were 
2.4% and 8.8% for the T3, 4.3% and 7.6% for T4, 
respectively. 
Serum   leptin   levels   were   determined   by 
radioimmunoassay (RIA) with the 125I Multi-species 
Kit (Millipore), and leptin values were determined in 
a single RIA. The lowest level of leptin that can be 
detected by this assay was 1.0 ng/mL when using a 
100-μL sample size (instructions for Multi-species 
Kit). The inter- and intra-assay variabilities for leptin 
RIA were <3.6% and 8.7%, respectively.
Statistical analysis
Data were analyzed using SPSS 15.0 software 
package. Prior to all statistical analyses, data were 
examined   for   assumptions   of   normality   and 
homogeneity   of   variance,   using   Kolmogorov- 
Smirnov and Levene tests, respectively. Throughout 
the acclimation, changes in body mass, RMR, NST 
and   hormone   concentrations   were   analyzed   by 
repeated   measures   analysis   of   covariance 
(ANCOVA) with body mass as a covariate. Results 
were presented as mean ± SEM, and  p<0.05 was 
considered to be statistically significant.
RESULTS
Since  no  effects  were  found   in   any  of   the 
measured parameters between control group and 
PBS group, date were not analyzed between control 
group and PBS group.
Body mass, RMR and NST
Prior to acclimation, body mass of three groups 
showed no significant differences (F=0.523, p>0.05). 
After 4-weeks acclimation, body mass of MLT group 
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decreased significantly by injection of exogenous 
melatonin (F=2.365, p<0.05) (Fig.1). Body mass of 
MLT   group   decreased   3.84±0.88g   compared   to 
control group (42.71±1.13g). RMR and NST in MLT 
group showed significant differences compared to 
control group and PBS group,  respectively (RMR, 
F=1.985, p<0.05; NST, F=2.322, p<0.05) (Fig. 2 and 
3).
Thermogenic capacity of liver and BAT
For E. miletus, there was a significant effect of 
exogenous  melatonin  on liver mass among the 
three groups (F=2.586, p<0.05, Table 1). MLT group 
induced a increase in total protein, mitochondrial 
protein, State 3 respiration, State 4 respiration and 
COX capacity in liver compared with control group 
or   PBS   group   (total   protein:   F=2.214,  p<0.05; 
mitochondrial   protein:   F=2.865,  p<0.05;   State   3 
respiration: F=1.895,  p<0.05; State 4 respiration: 
F=5.462,  p<0.01; COX capacity: F=7.121,  p<0.01), 
but the α-PGO capacity showed  no  differences 
during the acclimation (F=0.542, p>0.05). 
For E. miletus, there was no significant effect of 
exogenous melatonin on BAT mass among the three 
groups (F=0.152, p>0.05, Table 1), but total protein, 
mitochondrial protein of BAT in MLT group differed 
compared with control group or PBS group (total 
protein:   F=4.325,  p<0.01;   mitochondrial  protein: 
F=5.698, p<0.01).  MLT group displayed higher State 
4 respiration than that of other two group (F=2.412, 
p<0.05), and also had a significant difference in COX 
capacity   and   α-PGO   capacity   (COX   capacity: 
F=6.254, p<0.01; α-PGO capacity: F=2.854, p<0.05). 
Similarly,   MLT   group   had   higher  T4  5’-DII 
concentrations compared to other groups (F=8.324, 
p<0.01). 
Hormone concentration
MLT group displayed higher serum T3 (F=9.358, 
p<0.01)   and   lower   serum   T4  concentrations 
(F=4.362,  p<0.01) (Table 3). Further, it found no 
difference in serum leptin levels in three groups 
(p>0.05). 
Figure 1: Effect of injecting melatonin (20μg/kg BM/day) on body mass in E. miletus (n=30). Data are 
mean±SE. *: p<0.05; compare with control group. Note: MLT: melatonin; PBS: phosphate-
buffered saline.
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Figure 2: Effect of injecting melatonin (20μg/kg BM/day) on resting metabolic rate (RMR) in E. 
miletus (n=30). Data are mean±SE. *: p<0.05; compare with control group. Note: MLT: 
melatonin; PBS: phosphate-buffered saline.
 
Figure 3: Effect of injecting melatonin (20μg/kg BM/day) on nonshivering thermogenesis (NST) in E. 
miletus (n=30). Data are mean±SE. *: p<0.05; compare with control group. Note: MLT: 
melatonin; PBS: phosphate-buffered saline.
Table 1. Effects of exogenous melatonin on mitochondrial (Mt) protein, cytochrome c oxidase (COX) 
activity and α-glycerophophate oxidase(α-PGO) in liver in Eothenomys miletus.
Parameters Control (n=10) PBS (n=10) MLT (n=10)
Body mass (g) 42.71±1.13
 a 42.51±1.23
 a 38.87±0.93
 b 
Liver mass (g) 2.12±0.25
 b 2.15±0.16
 b 2.23±0.19
 a 
Total protein (mg/g) 51.32±3.21
 b 48.36±2.65
 b 60.25±3.58
 a 
Mitochondrial protein (mg/g) 16.58±2.31
 b 16.42±0.98 
b 22.36±2.03
 a
State 3 respiration (nmol O2/min.mg) 30.36±1.95
 b 31.26±2.08
 b 37.48±1.62
 a
State 4 respiration (nmol O2/min.mg) 53.62±3.24
 b 50.36±2.96
 b 68.51±3.26
 a
COX (nmol O2/min.mg) 45.62±5.65
 b 46.32±3.26
 b 69.32±4.61
 a
α-PGO (nmol O2/min.mg) 38.25±2.01
 a 37.23±2.36
 a 40.21±2.95
 a
Different superscripts in each row indicate significant difference (P < 0.05).
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Table 2 Effects of exogenous melatonin on mitochondrial (Mt) protein, cytochrome c oxidase (COX) 
activity and α-glycerophophate oxidase(α-PGO) in BAT in Eothenomys miletus.
Parameters Control (n=10) PBS (n=10) MLT (n=10)
BAT mass (g) 0.259±0.06
 a 0.245±0.08
 a 0.261±0.09
 a
Total protein (mg/g) 6.25±0.98
 b 5.86±0.66
 b 11.36±1.21
 a
Mitochondrial protein (mg/g) 9.63±0.45
 b 9.86±0.64
 b   15.25±1.03
 a
State 4 respiration (nmol O2/min.mg) 25.63±1.84
 b 23.21±1.23
 b 31.58±2.06
 a
COX (nmol O2/min.mg) 1456±87
 b 1423±68
 b 1644±72
 a
α-PGO (nmol O2/min.mg) 125.63±5.31
 b 121.03±6.58
 b 144.69±5.98
 a
T4 5’-DII (pmol O2/ min.mg) 12.36±0.56
 b   13.25±0.86
 b 22.32±1.12
 a
Different superscripts in each row indicate significant difference (P < 0.05).
Table 3 Effects of exogenous melatonin on serum T3, serum T4 concentrations and serum leptin levels 
in Eothenomys miletus.
Parameters Control (n=10) PBS (n=10) MLT (n=10)
T3 (ng/ml) 0.59±0.05
 b 0.61±0.04
 b 1.18±0.05
 a
T4 (ng/ ml) 35.36±2.36
 a 34.26±2.21
 a 28.25±2.58
 b
serum leptin levels (mg/ ml) 1.56±0.08
 a 1.51±0.04
 a   1.45±0.06
 a
Different superscripts in each row indicate significant difference (P < 0.05).
DISCUSSION
Body mass
Melatonin,  a naturally occurring indoleamine 
molecule,   involved   in   the   regulation   of   many 
physiological processes in many mammals (Moore 
and  Menaker,   2011),   it   is   a   highly   conserved 
molecule,   present   in   organism   from   unicellular 
organisms to all vertebrates (Paradies et al., 2010). 
Melatonin is involved in energy metabolism and 
body weight control in small animals. Many studies 
show that chronic melatonin supplementation in 
drinking water reduces body weight and abdominal 
fat   in   experimental   animals,   especially   in   the 
middle-aged rats (Wolden-Hanson  et al., 2000). 
Either by subcutaneous implanted or intramuscular 
injection of  melatonin  in some small mammals, 
which lead to some of the adaptive increase in 
thermogenic   capacity   including   mass   of   BAT 
increased, enhancement of oxidative capacity, or 
decreased body temperature, all these adaptive 
traits may responsible to the regulation of energy 
consumption resisted in winter or low temperature 
(Korhonen  et al.,  2008). In previous studies,  it 
showed that young adult mice (1 month old) given 
oral melatonin supplementation with a relatively 
high dose (35 μg/d/mouse) caused no significant 
changes in body weight gain and body fat content 
(Song and Chen, 2009). The control and melatonin 
groups gained 5.5%   and 12.5% in body mass of 
Siberian hamster, respectively (Korhonen  et al., 
2008).   But   in   the   present   study,   body   mass 
decreased significantly in MLT group, similar studies 
were found in cold exposure or SD condition in E. 
miletus (Zhu et al., 2010a; 2011b), and consistent 
with sheep (Zhu  et al., 2011), it indicated that 
melatonin could serve as a factor to alter animal’s 
thermogenic adaptation (Hall and Lynoh, 1985).
Thermogenic capacity
Liver function shows high mass-specific energy 
metabolism and plays a major role in RMR (Couture 
and Hulbert, 1995). Exogenous melatonin increase 
mitochondrial proteins, mitochondrial COX activity, 
and activation of liver mitochondrial respiration in 
Brandt's voles (Hou  et al., 1998). In the present 
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study, increase of RMR in the MLT group of  E. 
miletus was according to the increase of liver mass, 
which was further supported by other biochemical 
markers examined in liver, including higher total 
protein,   mitochondrial   protein   content,  State   3 
respiration, State 4 respiration and COX activity. 
Injection or implanted of exogenous melatonin 
lead to increasing of NST significantly in some 
rodents, such as NST increased 42.1% in Phodopus 
sungorus  were   given   exogenous   melatonin, 
Peromyscus leucopus  increased by 26% (Hall  and 
Lynoh,   1985).  A   potential   mechanism   is   that 
melatonin promotes the recruitment of BAT as well 
as enhances its activity. This effect would raise the 
metabolic rate by stimulating thermogenesis, heat 
generation   through   uncoupling   oxidative 
phosphorylation in mitochondria (Tan et al., 2011). 
In our study, although BAT mass in MLT group did 
not change significantly compared with the control 
group of  E. miletus, but the BAT total protein 
increased, especially to increasing of mitochondrial 
protein   content,   which   demonstrating   that 
melatonin acting as a key signaling agent to regulate 
protein   synthesis,   and   mitochondrial   protein 
elevated respiratory protein and respiratory enzyme 
concentrations,   thereby   increasing   the 
thermogenesis. Melatonin treatment also increased 
the   mean   rate   of   protein   synthesis   in   rats   of 
different age (Brodsky et al., 2008). It is also known 
that melatonin interferes with glucose utilization 
and protein synthesis in  Suprachiasmatic Nucleus 
(Cassone, 1991). COX activity in the BAT has been 
shown   significantly   enhanced   by   injection   of 
exogenous melatonin, all of these results indicated 
that BAT heat production capacity is believed to be 
increasing   as   a   result   of   exogenous   melatonin, 
which showed an important biological mechanism 
for increasing of NST in  E. miletus.  There is  an 
evidence that T4 5’-DII activity in BAT was mediated 
by   melatonin,   which   regulating   adaptive 
thermogenesis for mammals (Puig-Domingo et al., 
1988). Similar to our results in the present study, T4 
5’-DII activity increased in MLT group after injection 
of exogenous melatonin, which lead to increasing of 
adaptive thermogenesis in E. miletus.
Hormone concentration
The   physiological   roles   of   melatonin   involve 
regulation of thermogenesis, which was modulate 
by   the   pineal   gland-hypothalamus-pituitary   axis 
(Haim,   1982).   It   had   been   reported   that   to 
melatonin  treatment   can  modify  the  circulating 
levels of a number of hormones related to the 
metabolic   regulation   (Rios-Lugo  et   al.,   2010). 
Previously published studies were confirmed that 
melatonin can regulate T4 5’-DII activity in BAT, and 
T4 can be converted to T3  by Type II iodothyronine 
5P-deiodinase  (DII) in  BAT  (Lanni  et  al.,  2003), 
Which plays an important role on the regulation of 
serum T3  concentrations (Brzezinska-Slebodzinska 
and   Slebodzinska,   1993).   In   our   study,   serum 
content of T3 increased, and T4 decreased in MLT 
group in E. miletus, it also indicated that T4 can be 
converted to T3 in peripheral tissues in BAT and liver, 
which lead to the increasing of T3  concentration, 
suggesting   that   melatonin   treatment   plays   an 
important role on regulation of serum T3  and T4 
concentrations.   And   thyroid   hormone   are 
considered to regulate heat production increased 
under melatonin treatment. It found a significant 
increase in plasma leptin levels after oral melatonin 
supplementation (Song  and  Chen, 2009). Further, 
this observation is consonant with a previous study 
(Baltaci  and  Mogulkoc,   2007).   Interestingly,   it 
showed no difference in serum leptin levels in three 
groups  in our study, similar to the results of  E. 
miletus  under different  photoperiods  (Zhu  et al., 
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2011b), it indicated that melatonin alone does not 
have a direct effect on adiposity’s leptin secretion in 
E. miletus. The specific difference need further 
studies.
In conclusion,  it showed that  body mass was 
reduced significantly and RMR and NST increased 
observably   at   28   days   in  melatonin   treatment 
group.   Melatonin   induced   an   increased   in   the 
contents of total protein and mitochondrial protein 
of liver and BAT, a rise of State 3 respiration, State 4 
respiration and COX activity in liver and BAT, but did 
not significantly stimulate  α-PGO  activity in liver. 
Serum T3  content was enhanced  significantly  by 
injection of exogenous melatonin. These results 
indicated that thermogenic capacities of E. miletus 
are markedly stimulated by exogenous melatonin. 
Further, melatonin is potentially involved in the 
regulation   of   body  mass,   adaptive   thermogenic 
capacity and hormone concentrations in E. miletus.
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